In the urinary findings of thirty-one cases of pellagra studied at the U. S. Pellagra Hospital, Spartanburg, S. C., in the spring and summer of 1917, fourteen patients showed high ammonia and low urea ratios. Of the fourteen high ammonia ratios, the ammonia was relatively increased in eight, while in the remaining six the urinary output of ammonia was much increased over that of four normal persons serving as controls. In some cases the ammonia nitrogen ran as high as 20 per cent, of the total nitrogen. In a number of cases subsequent to 1917, a high ammonia ratio was found at the time the patient entered the hospital.1
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Though it was well recognized that a high ammonia ratio, whether the ammonia is relatively or absolutely increased, is susceptible of other explanations than a depletion of the normal alkali reserve of the body, or a state of acidosis, the urinary findings spoken of suggested that in some cases, at least, there might be a greater or less depletion of the alkali reserve.
In regard to acidosis in pellagra, Fairbanks 2 believes that pellagra is caused by an acidosis resulting principally from phosphoric acid and purins in the blood. Carmichael,3 on the contrary, considers that the disease is due to an increase in the alkalinity of the blood caused by the excessive ingestion of fruits and vegetables. Jobling and Maxwell,4 using the Van Slyke method (they do not state how the blood was collected) found the average carbon dioxid volume per cent, to be 61.63 in twenty acute cases and 57.27 in sixteen chronic cases, and concluded that the alkali reserve of the blood in pellagra does not vary from normal in either the acute or the chronic cases and that, therefore, there is no acidosis or alkalosis in pellagra. Very recently there came to our notice a British report on pellagra5 wherein is reported some evidence of acid intoxication in pellagra as deduced from the facts that there was found a slight increase in the ammonia and in titratable acid of the urine in twenty early cases of pellagra, using phenol-phthalein as indicator, and in tests in eight early cases of pellagra and four well marked cases a slight decrease in the fixed alkali of the blood as determined by titrating with dimethyl-amino-azobenzene as indicator.
The study of the alkali reserve here was started late in the summer of 1917, subsequent to the findings of a tendency to a heightened ammonia ratio and subsequent to the crest of the pellagrous wave for that season. During these last two seasons pellagra was far less abounding and the cases in the hospital were far less severe than in previous years.
In the study herein described two methods of procedure were employed : First, the determination of the venous carbon dioxid tension by the Plesch 6 method as modified by Higgins T and described in detail by Marriott ;8 and second, the carbon dioxid bound by the blood plasma by the Van Slyke and Cullen 9 method using the Van Slyke 10 carbon dioxid apparatus.
For the sake of brevity and quick elucidation of the alveolar air method, we may quote Van Slyke and Cullen u who cover the subject so well.
"1. Arterial carbon dioxid tension (Haldane method). The alveolar air as shown by A. and M. Krogh is in equilibrium in respect to its carbon dioxid content with the arterial blood. Consequently, in accordance with the law of gas solubility the concentration of carbon dioxid in the alveolar air is directly proportional to that of free carbonic acid in the blood. Consequently, the carbon dioxid concentration of the alveolar air is through the intermediary parallelism of the blood carbonic acid, kept proportional to arterial sodium bicarbonate All three concentrations go up and down together, the blood bicar¬ bonate fixing level of the carbonic acid, and the latter that of the alveolar car¬ bon dioxid. Under pathologic conditions, or under the influence of drugs, of decreased atmospheric oxygen tension, or of anxiety or excitement, the sen¬ sitiveness of the respiratory control may vary so that the alveolar carbon dioxid is not under all conditions even an approximate measure of the bicar¬ bonate reserve. All sources of error together, however, even in pathologic conditions, are in most cases encountered within such limits that the clinical utility of carbon dioxid determinations as measure of the alkali reserve of the blood is thoroughly established, although the fact that so many factors beside the alkaline reserve of the blood can affect the alveolar carbon dioxid tension certainly make the latter far from an ideal measure of the former.
"2. Venous carbon dioxid (Plesch method). The Plesch method differs from the Haldane in that the air analyzed, instead of being taken at the end of a single quick expiration, is breathed in and out of a rubber bag by the subject for from thirty to forty seconds. Consequently, the carbon dioxid tension approaches more nearly that of the venous than of the arterial blood, the Plesch results being, as a rule, from 4 to 6 mm. higher in carbon dioxid ten-sion than the Haldane results. Since the venous carbon dioxid tension runs fairly parallel with the arterial, however, the Plesch results may be taken as indirect measures of the arterial bicarbonate and, so to say, one degree less direct than the Haldane. An advantage of the Plesch technic is that it requires less cooperation on the part of the subject than the Haldane procedure."
The Plesch method was used by us. In the details on the method of collecting the samples of air and the technic of the method of analysis, etc., the directions given by Marriotts were followed closely.
This method determines the venous carbon dioxid tension, that is, the concentration of carbon dioxid in the alveolar air in equilibrium with the carbon dioxid content of the venous blood. In acidosis the con¬ centration of the carbon dioxid of the alveolar air is diminished.
In normal adults at rest, the carbon dioxid tension in the alveolar air, determined by the Plesch method, varies from 40 to 45 mm. Ten¬ sions between 30 and 35 mm. are indicative of a mild degree of acidosis.
When the tension is as low as 20 mm. the individual may be considered to be in imminent danger. We regard values of 35 mm. and over as normal. The Plesch method, as pointed out by Van Slyke and Cullen, may be taken as an indirect measure of the alkali reserve. The Van Slyke method of determining the carbon dioxid bound by the blood plasma is a direct determination of the alkali reserve of the body, that is, the excess of base which is left after all the nonvolatile acids have been neutralized and is available for the immediate neutralization of further acids.
ALVEOLAR AIR METHOD
The venous carbon dioxid tension was determined (1) on patients who had been in the hospital some time and had shown marked improvement; (2) on patients who had been in the hospital a longer or shorter time but with a slower change for the better, and (3) on patients recently admitted and still in a marked stage of pellagra. The condition of the patients from a pellagra standpoint, irrespective of their condition at the time of entering the hospital (which condition, of course, was noticeably pellagrous for them to obtain admission), was noted at the time the tests were made. The only treatment, barring marked complication, was nutritional. The diet of the patients varied. At the time of testing some had been on a very generous hospital diet with meat, milk, eggs, fruits, etc. ; others had been on a similar hos¬ pital diet, but with less milk, meat, etc., while still others, who were tested on or very shortly after admission, had been on a rather slim diet, as far as could be ascertained, with little meat, milk or eggs. As the diet seemed to play little part in the degree of acidosis, the diet records, where known, are not herein listed. The average venous carbon dioxid tension of the forty-four pel¬ lagra patients tested by the alveolar air method was 35.23 mm. Leav¬ ing out four complicated cases, two patients with asthma, one patient with beriberi symptoms, and one patient with thyroprivia, complica¬ tions which might affect the alveolar air determinations, the average of the forty uncomplicated cases was 36.00 mm. Of these forty patients, twenty-four, or 60 per cent., had a venous carbon dioxid ten¬ sion of 35 mm. or over with an average of 38.44 mm. In sixteen cases, or 40 per cent., the carbon dioxid lay between 30 and 35 mm., sugges¬ tive of a mild degree of acidosis. Five of these sixteen patients, how¬ ever, when further tested by the Van Slyke method for carbon dioxid bound by the blood plasma gave carbon dioxid values of practically 60 volume per cent, and over, so there was no lack of alkali reserve.
Ten of the forty patients tested by the alveolar air method were cured of pellagra at the time the test was made, that is, the erythema and roughness of the skin had disappeared, the patients had gained in weight and had a general feeling of well being and were to be dis¬ charged shortly. The average carbon dioxid tension of these ten patients was 35 mm. The average of the other thirty cases, with slight or marked pellagra, was 36.33 mm. This figure is probably slightly lower than it should be, since a few of the patients in 1919 were tested in the afternoon, when the results would undoubtedly be slightly lower than if taken in the morning. All the determinations, too, were made in the hot summer when some salt loss might be expected by reason of sweating. The relation of acidosis to pellagra, as tested by the alveolar air method, is further brought out in Table 2 in which the patients are grouped, according to their condition when the tests were made, into those with marked pellagra, those with moderate pellagra, those with mild pellagra, and those who were considered cured of pellagra.
Despite the fact that whatever error there might be in our technic would tend to make our results low, it may be seen (1) that the majority of the hospital patients tested by the alveolar method of testing acidosis was normal; (2) that in those cases where the carbon dioxid tension was somewhat subnormal, the subnormality as shown in Table 2 , had nothing to do with the severity of the pellagra symptoms as judged primarily by the extent of the erythema and dermatitis and secondarily by the state of malnutrition and general weakness, and (3) that in general the patients gave slightly lower venous carbon dioxid tension than did the controls 12 who were regarded as normal.
The twenty-one nonpellagrins as controls, normal as far as known, gave venous carbon dioxid tensions from 32.5 (two cases) to 45 mm., with an average of 39.76 mm.
CARBON DIOXID BOUND BY THE BLOOD PLASMA
The Van Slyke-Cullen method of estimating the carbon dioxid of the blood plasma was used. The blood was drawn from the arm vein directly into a centrifuge tube containing potassium oxalate (about 0.5 per cent, of the weight of the blood drawn) and paraffin oil. The blood was stirred by means of the inlet tube and centri fuged immedi¬ ately, and the carbon dioxid of the plasma was determined in duplicate samples of 1 c.c The results are given in Table 3 .
As may be seen from Table 3 , the carbon dioxid bound by the blood plasma of the thirty patients (exclusive of Case 13) varied from 45.3 to 69.5 volume per cent., with a general average of 60.05. This average is almost identical with that of thirty-six pellagra patients tested by Jobling and Maxwell3 at the Davidson County Pellagra Hospital, Tenn.
They found that the average carbon dioxid volume per cent, was 61.63 for twenty acute cases, and 57.27 for sixteen chronic cases, which gives a general average of 59.69 for all their patients.13
According to Van Slyke and Cullen,9 with the method employed by us (venous blood drawn under oil without stagnation of blood or loss of carbon dioxid) the minimal normal figure is 60 c.c. of carbon dioxid per 100 c.c of plasma. Of the thirty pellagra patients tested by this method at the U. S. pellagra Hospital, twenty, or 66.67 per cent., were practically 60 volume per cent, or over, and ten, or 33.33 per cent., were below 60. The average of the ten cases below 60 was 52.4 per cent, carbon dioxid, with only two cases appreciably below 50 per cent. Of the ten cases below 60 per cent, of carbon dioxid, 12. The controls were chemists, physicians, nurses, clerks, and attendants who had been connected with the hospital for a shorter or a longer time over the period the tests on the patients were made. All the controls were active, nonpellagrous people, with a feeling of well being and in normal health, as far as known. In their general appearance, state of nutrition, and joy of living the controls were much superior to the patients. manifestations of pellagra were concerned though the patients were still rather weak; three (481, 567 and 20) were mild cases; one (502) was a moderate case, while only two cases (485 and 488) were severe. It would seem, then, that in the cases of pellagra studied the carbon dioxid bound by the blood plasma was for the most part normal, that in a minority of cases the carbon dioxid bound by the plasma was slightly subnormal, but that this subnormality was not relatable to the severity of the pellagra symptoms.
Of the seventy uncomplicated cases of pellagra tested by the two methods, venous carbon dioxid tension and carbon dioxid bound by the blood plasma, fourteen cases were duplicates by the two methods. Of the fifty-six separate cases tested for alkali reserve by the two methods, none showed a marked depletion of the alkali reserve, about one-third showed a slightly subnormal level, while the greater number of cases were within normal limits. Tables 1 and 3 , the urinary ammonia ratio is given for a number of cases at or near the time the tests specifically designated in the two tables were made. A number of the patients had previously a very high ammonia ratio, but only the ratio at the time of the carbon dioxid analyses were made is herein considered. The analysis of normal urines here showed that the ammonia nitrogen did not go above 7 per cent, of the total nitrogen. Accordingly, ratios of ammonia nitrogen to total nitrogen above 7 per cent, were regarded as high, 7 per cent, or below 7 per cent, as normal. Of the thirty-eight cases included in Table 1 , analyzed for carbon dioxid tension and urinary ammonia and total nitrogen, only four patients showed concomitantly a high ammonia ratio and a low carbon dioxid tension ; five patients had a high ammonia ratio and a normal carbon dioxid tension; twelve patients had a low ammonia ratio with a low carbon dioxid tension; while seventeen patients had a low ammonia ratio with a normal carbon dioxid tension. Similarly, in Table 3 dealing with carbon dioxid bound by the plasma, the ammonia ratio was over 7 per cent, of the total nitrogen in five cases.
Only one of these five patients (Case 20) showed a low per¬ centage of carbon dioxid bound by the plasma, namely, 54.6 per cent. The other four patients with high ammonia ratio (Cases 497, 501, 3 and 10) showed a normal percentage of carbon dioxid bound by the plasma. On the other hand, three cases (332a, 485 and 587) showed a lowered alkali reserve with a normal urinary ammonia ratio. Thir¬ teen of the cases analyzed for both factors, or approximately 62 per cent., were normal both as to ammonia and as to the carbon dioxid bound by the plasma.
It would seem, then, from a consideration of the relation of the ammonia ratio to the carbon dioxid tension of the alveolar air and the carbon dioxid bound by the plasma, that, barring other diagnostic fac¬ tors, the urinary ammonia ratio is not a measure of acidosis or lack of alkali reserve.
GENERAL CONCLUSIONS
Of the fifty-six patients tested for alkali reserve by the alveolar air method and by the determination of the carbon dioxid bound by the blood plasma, none showed a marked depletion of the alkali reserve, about one-third showed a slightly subnormal level, while the greater number were within normal limits. There would seem to be little uncompensated acidosis in pellagra.
